*To the Editor*:

 {#ajh25499-sec-0001}

In the general population, it has been shown that higher body‐mass index (BMI) is associated with increased von willebrand factor (VWF) and factor VIII (FVIII) levels.[1](#ajh25499-bib-0001){ref-type="ref"} A higher BMI is also associated with other procoagulant hemostatic changes, and may therefore protect against bleeding.[1](#ajh25499-bib-0001){ref-type="ref"} The association between BMI, VWF and FVIII levels, and bleeding phenotype is unknown in von Willebrand disease (VWD) patients. We hypothesize that higher BMI increases VWF and FVIII levels in patients with VWD, and thereby may ameliorate the bleeding phenotype. Therefore, we investigated the association between BMI, VWF and FVIII levels, and the bleeding phenotype in a large cohort of type 1 and type 2 VWD patients.

We included patients from a nationwide cross‐sectional study in VWD patients in the Netherlands, known as the "Willebrand in the Netherlands Study" (WiN study).[2](#ajh25499-bib-0002){ref-type="ref"}, [3](#ajh25499-bib-0003){ref-type="ref"} The inclusion criteria were hemorrhagic symptoms or a family history of VWD, and historically lowest VWF:Ag and/or VWF:RCo ≤0.30 IU/mL and/or FVIII levels (FVIII:C) ≤0.40 IU/mL (for type 2N VWD). For this study, we excluded patients with type 3 VWD (VWF levels and VWF propeptide \[VWFpp\] \<0.05 IU/mL), because these patients have by definition undetectable VWF levels. We categorize type 1 and type 2 VWD based on a VWF:Ab/VWF:Ag ratio of above and below 0.60.[4](#ajh25499-bib-0004){ref-type="ref"}

Furthermore, we excluded patients younger than 16 years old, because BMI reference ranges are different in children of a young age compared to adults. Blood samples were obtained at study inclusion. All patients signed informed consent. The assessment methods, blood sampling procedure, and laboratory measurements have been described in detail previously.[2](#ajh25499-bib-0002){ref-type="ref"}, [3](#ajh25499-bib-0003){ref-type="ref"} Briefly, patients filled in a questionnaire on comorbidities, a self‐administered version of the condensed Tosetto bleeding score and bleeding episodes that required hemostatic treatment in the year prior to inclusion. BMI was calculated with the formula weight (kg)/height (m) × height (m). BMI was categorized in four groups of underweight (BMI: \<18.5 kg/m^2^), normal weight (18.5‐25 kg/m^2^), overweight (25‐30 kg/m^2^), and obesity (≥30 kg/m^2^).

We compared continuous variables between two groups using an independent *t* test, and categorical variables with a chi‐square test. The association between BMI categories and occurrence of bleeding in the year prior to inclusion in the study was adjusted for confounders using logistic regression analysis. Outcomes of logistic regression analysis are reported as odds ratio and 95% confidence interval (CI). Multiple regression analyses were used to analyze the association between BMI and VWF and FVIII levels and total bleeding score. We report linear regression outcomes as unstandardized β coefficient (difference) and 95%CI. In the logistic and multiple regression analysis, confounders were selected based on previous literature (age, sex, blood group \[O vs non‐O\], and presence of relevant comorbidities \[cancer, hypertension, diabetes, and thyroid gland dysfunction\]).[3](#ajh25499-bib-0003){ref-type="ref"} Statistical analyses were performed with SPSS Statistics version 24 (IBM Corp., Armonk, New York).

From the total WiN study population aging 16 years and older (n = 688), 94 patients without centrally measured VWF and FVIII levels, 14 patients with type 3 VWD and 35 patients with missing data on length or weight were excluded. We included 545 VWD patients of whom 349 patients had type 1 and 196 patients had type 2 VWD. Table [1](#ajh25499-tbl-0001){ref-type="table"} shows the patient characteristics. The mean BMI was 25.4 ± 4.3 kg/m^2^. The mean age was 46 ± 15 years. There was no difference in BMI between patients with type 1 and type 2 VWD (25.5 ± 4.4 vs 25.2 ± 4.3, *P* = .550, Table [1](#ajh25499-tbl-0001){ref-type="table"}).

###### 

Patient characteristics

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                                                                     Type 1 VWD\                                                  Type 2 VWD\                                                                                Total patients\
                                                                                     n = 349                                                      n = 196                                                                                    n = 545
  ---------------------------------------------------------------------------------- ------------------------------------------------------------ ------------------------------------------------------------------------------------------ -------------------------------------------------------
  Age, mean ± SD                                                                     46 ± 15                                                      46 ± 16                                                                                    46 ± 15

  Female, n (%)                                                                      244 (70%)[\*](#ajh25499-note-0004){ref-type="fn"}            109 (56%)[\*](#ajh25499-note-0004){ref-type="fn"}                                          353 (65%)

  Blood group O, n (%)                                                               241 (69%)[\*](#ajh25499-note-0004){ref-type="fn"}            97[\*](#ajh25499-note-0004){ref-type="fn"} (50%)[\*](#ajh25499-note-0004){ref-type="fn"}   338 (62%)

  BMI, mean ± SD                                                                     25.5 ± 4.4                                                   25.2 ± 4.3                                                                                 25.4 ± 4.3

  VWF:Ag                                                                             0.37 \[0.23‐0.53\][\*](#ajh25499-note-0004){ref-type="fn"}   0.26 \[0.17‐0.36\][\*](#ajh25499-note-0004){ref-type="fn"}                                 0.31 \[0.19‐0.47\]

  VWF:CB                                                                             0.42 \[0.23‐0.66\][\*](#ajh25499-note-0004){ref-type="fn"}   0.08 \[0.06‐0.14\][\*](#ajh25499-note-0004){ref-type="fn"}                                 0.26 \[0.09‐0.54\]

  VWF:Ab                                                                             0.45 \[0.23‐0.70\][\*](#ajh25499-note-0004){ref-type="fn"}   0.08 \[0.03‐0.17\][\*](#ajh25499-note-0004){ref-type="fn"}                                 0.25 \[0.11‐0.56\]

  FVIII:C                                                                            0.66 \[0.49‐0.87\][\*](#ajh25499-note-0004){ref-type="fn"}   0.38 \[0.28‐0.49\][\*](#ajh25499-note-0004){ref-type="fn"}                                 0.54 \[0.36‐0.77\]

  Bleeding score                                                                     9 \[5‐15\][\*](#ajh25499-note-0004){ref-type="fn"}           12 \[8‐17\][\*](#ajh25499-note-0004){ref-type="fn"}                                        11 \[6‐16\]

  Number of patients with bleeding in the year prior to inclusion per BMI category                                                                                                                                                           

  \<18.5 kg/m^2^                                                                     4/9 (44%)                                                    1/4 (25%)                                                                                  5/13 (39%)

  18.5‐25 kg/m^2^                                                                    28/170 (17%)                                                 41/106 (39%)                                                                               69/276 (25%)

  25‐30 kg/m^2^                                                                      30/116 (26%)                                                 23/59 (39%)                                                                                53/175 (30%)

  ≥30 kg/m^2^                                                                        16/54 (30%)[\*\*](#ajh25499-note-0005){ref-type="fn"}        15/27 (56%)                                                                                31/81 (38%)[\*\*](#ajh25499-note-0005){ref-type="fn"}
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

*Note*: Data are presented as median \[interquartile ranges\], unless otherwise specified.

Abbreviations: BMI, body‐mass index (kg/m^2^); SD, standard deviation; VWD, von Willebrand disease.

^\*^ *P* value below 0.05 between patients with type 1 and type 2 VWD.

^\*\*^ *P* value below 0.05 compared to BMI category 18.5‐25 kg/m^2^.

Among patients with type 1 VWD, higher BMI was associated with higher VWF:Ag, VWF:CB, VWF:Ab and FVIII:C, respectively 0.07 IU/mL (0.02‐0.13), 0.07 IU/mL (0.00‐0.14), 0.09 IU/mL (0.01‐0.17), and 0.13 IU/mL (0.05‐0.21) per 10 kg/m^2^ increase in BMI (adjusted for age, sex, blood group, and presence of relevant comorbidities). In type 2 VWD, VWF:Ag and FVIII:C were associated with higher BMI, respectively 0.04 IU/mL (−0.02‐0.10) and 0.09 IU/mL (0.00‐0.17) per 10 kg/m^2^ increase in BMI (adjusted for age, sex, blood group, and presence of relevant comorbidities). Similarly, in type 1 VWD, a linear association was observed between BMI categories (underweight, normal weight, overweight, and obesity) and VWF levels (Figure [1](#ajh25499-fig-0001){ref-type="fig"}A), whereas in type 2 VWD, there was a linear association between BMI categories and VWF:Ag and FVIII:C (Figure [1](#ajh25499-fig-0001){ref-type="fig"}B).

![Association between BMI categories and VWF levels in type 1 and type 2 VWD. Data presented as mean and 95% confidence intervals. β outcomes of linear regression analysis. BMI, body‐mass index](AJH-94-E201-g001){#ajh25499-fig-0001}

In the total VWD population, patients with normal weight had fewer bleeding episodes requiring hemostatic treatment in the year prior to inclusion in the study than patients with overweight and obesity, respectively 25% (69/276) vs 30% (53/175) and 38% (31/81) (*P* = .018, Table [1](#ajh25499-tbl-0001){ref-type="table"}). In type 1 VWD, the proportion of patients with bleeding was almost two times higher in patients with obesity compared to patients with normal weight (relative risk 1.8, 30% (16/54) vs 17% (28/170), *P* = .034, Table [1](#ajh25499-tbl-0001){ref-type="table"}). After adjustment for age, sex, blood group, and presence of relevant comorbidities, the odds ratio was 1.91 (0.89‐4.11). In type 2 VWD, a higher proportion of patients with obesity tended to have a bleeding episode requiring hemostatic treatment in the year prior to inclusion than patients with normal weight (relative risk 1.4, 56% (15/27) vs 39% (41/106), *P* = .113, Table [1](#ajh25499-tbl-0001){ref-type="table"}). In type 1 and type 2 VWD patients there was no clear association between BMI and the total (life time) bleeding score, respectively 0.54 (−1.16‐2.25) and 1.35 (−0.94‐3.63) per 10 kg/m^2^ increase in BMI.

In this study we demonstrate that BMI is an important determinant of VWF and FVIII levels in patients with VWD. Although in the general population an association between BMI and VWF and FVIII levels was observed previously, this association is demonstrated in this study for the first time in patients with VWD. In accordance, it has previously been suggested that most VWF expression is seen in adipose‐subcutaneous tissue, and therefore individuals with more adipose‐subcutaneous tissue (ie, higher BMI) have higher VWF expression, leading to higher VWF and FVIII levels.[5](#ajh25499-bib-0005){ref-type="ref"}

Despite an association with higher VWF and FVIII levels, BMI does not seem to protect against bleeding. VWD patients with obesity and overweight experienced even more bleeding symptoms in the year prior to the study than VWD patients with normal weight. This suggests that overweight and obese VWD patients, who have slightly higher VWF levels compared to VWD patients with a normal weight, are not protected against bleeding and still need to receive prophylactic treatment during interventions. Furthermore, our results indicate that the increase in VWF and FVIII levels in overweight and obese patients is insufficient to prevent bleeding, and that other determinants than VWF and FVIII levels influence the bleeding tendency of these patients[6](#ajh25499-bib-0006){ref-type="ref"} more frequent surgical treatment, because overweight and obese patients may need more often surgery due to BMI associated comorbidities, such as orthopedic problems, and therefore have a higher risk of bleeding. Additionally, factors outside the hemostatic system, such as vascular damage, more frequent falls and poor wound healing could potentially have a role in the bleeding tendency of these patients.[6](#ajh25499-bib-0006){ref-type="ref"} This is supported by several large studies in the past that found that obesity, despite causing procoagulant hemostatic changes, does not protect against bleeding.[6](#ajh25499-bib-0006){ref-type="ref"}

This is the first study to demonstrate an important association between BMI, VWF and FVIII levels, and bleeding phenotype in VWD patients. The main limitation of this study is that we did not have longitudinal VWF measurements in patients over time. However, BMI remains quite constant with aging, and therefore intra‐individual analysis would probably be less informative than inter‐individual analysis, which was performed in this study.

To conclude, higher BMI is associated with higher VWF and FVIII levels in patients with type 1 and type 2 VWD. However, higher BMI does not seem to protect against bleeding. Despite higher VWF and FVIII levels, VWD patients with overweight and obesity had more bleeding symptoms in the year prior to inclusion than patients with normal weight.
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